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~-- ~V Hecla Mining Company 

'-

Ap ril 18 , 1985 

Certified ~ail--Return Receipt Requested 

Mr. Felix R. Miera , Jr . 
Program Manager 
Uranium Licensing Section 
State of New Mexico 
Environmental Improvement Division 
PO Box 968 
Santa Fe, New Mexico 87504- 0968 

Dear Mr. Miera : 

RADIA TlON PROT:CTIOt/ BUP.E.\U 

In response to your letter of April 2, 1985 , Hecla Mining Company 
successor to Ranchers Exploration and Development Corporation t s interest3 in 
the Johnny H mine is in strong disagreement to an unconditioned indefinite 
extens i on of Radioactive Materials License NM-RED-~lli - 15 . Since Hecla Mining 
Company is unfamiliar with the history of the site, \\7e to]15h to revieT,ol the 
files and examine the site. We then wish to meet t..rith the Division t o corne to 
an understanding on final termination for this license. Upon comp letion "f 
our review J we \.,Ti11 cont.act the Div i sion to arrange a meeting . 

'~w~ 
Michael B. White 
Counsel and A~si5tan t Secretary 

~~B\: I j 3 

PO. Box 3:0. V/,!i!3ce. lc~;PO 531373 · ! ~081/52-125 1 • TELEX 326476 
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DENISE D . FORT 
DIRECTOR 

H \..:== . - - -:--- \ 
I ENVV"\Oiil'.iENT 

ENVIRO NME NTAL IM PROVE MENT DIVISION 

( 

c 

I I O.p&tlm.", 

Apri 1 2, 1985 

Ms . Colleen Ke ll ey 
Enviro~menta l Supervisor 
~ec la !~ini n9 C o~pany 
P.O. Box 320 
Wallace, Idaho 83873 

Dear ns . Kelley: 

P.o . BO l 968, Santi! Ft, Ne..; Melito 87504·096 8 

(505) 984·0020 

As indicated to you in our phone conversation of Marc h 29, 1985, Radioactive 
;':at~ria l License lJt·j-RED· j·iB·15 i s extended in the l ic"eris e amendment attached 
to this correspondence fo~ an 1nd~f{nife period of time pending 
accomp lishme nt and reso lution of the previous ly agreed upon reclama tion 
objectives. As I indicated to you in our conversation, a survey has been 
conducted by our Survei ll ance and Assessment Section (SAS) at the mine 
backfil l ing s i tes (desi?nated as North Bore Ho le Area and South Sore Hole 
Area). This survey shows that efforts to date by Ranche r s Exploration and 
Deve l opment Company have been unsuccessful in isol atio n of the origina l 
back fill materials and in revegetation of the site. 

Externa l exposure rate data presented in the Johnny M. Mine Termination 
report showed no signific ant change in mean ~R/h leve ls through three 
seDarate phases of reclamation at the North Vent Ho l e . The mean l eve l was 
158 ~ R/ h fo ll ow ing the initial step by Ranchers when "a ll backfill materia l 
and deb ris were removed from the ar eas by loading and scrap ing. " This l eve l 
qrea tly exceeded t he agreed upon ta rge t of 25 ~ R/h in accordance with the 
ALARA or incio l e. At t he South Ven t Ho l e, there was a sianificant increase in 
~~a n externa l expos ure l eve ls frn~ the initia l (47 ~ R/h) ' t o f i na l cle an up 
'IB3 jlR/hl . 

Attachmpnts 1 and 2 show the location of soil sampl ing sites and radionuc li de 
concentra ti ons in eight soil sa~p l es co ll ec ted by the SAS. Samples obtained 
from post reclaimed areas 1#5, 8) , showed re l ative ly high concentrat i ons of 
radionuc li des , but were dep l eted in U· 238 and U·234 . Sample #2 obtain ed from 
the nerimeter of the licensed area ~ l so showed re l ative l y high concentrations 
of nl)c l ides of the uran ium decay chain, but wa s also deo l eted of llr an ium. 
Al l tllree s~mples cl ear ly show the presence of exposed back fill materia ls . 
However , samples fr om background ma terials, reportedly used for cover 
ma terials (#1, 3, 6 and 7) , sno"ed concentrations from 1-3 pCi/g for all 
radionuc li des . Samp l e #4 from a nearby sandstone format i on al so ha d 
re l ative ly l ow concentrations of radionuc l ides (4-5 pC i/g ) . Att ac llme nt 3, 
shOl·,inq a gama spec t r um from samp l es #1 ann #2, demo nstrates t he 

F=n l IAI OPPD~TUNrTY EMP:..QYE J:I 
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Ms. Coll ee n Kelley 
April 2, 1985 
Page 2 

differ ences in the levels of activity and the depleted uranium in sample #2 
for peaks at 320 kev and 460 kev, when compared to a standard pitchbl end 
samp l e which has all U-238 decay chain nuclides in secular equ ili brium . 

Since the reported cover materials are very l ow in radionuclide 
concentrations, and backfi ll materials have bee n found at the surface of both 
l icensed areas, it must be assumed that the or i gina l . backfil l materials were 
not ade quat ely removed or isolated. 

As 1 further indicated to yo u in our phone conversat ion, the Divi sion will be 
glad to meet with you at your convenie nce to determine how we ca n bes t 
resolve the apparent discrepancies at these sites. Pl ease feel free to 
contact me should you have further questions. 

Respectfu ll y, 

KQ~''VA(it~~1 ~ ~ ({" 
(I 

Fe li x R. Mi era , Jr. 
Program I':ana ger 
Uranium Licensing Section 

FR~1/cvg 

cc: Richard Young, Lega l Se rvi ces Bureau 
Andrea Sm ith, Legal Services Burea u 
Ken Hargis, Chief , Radiation Protection Burea u 
Jere Millard, Radiation Protection Bureau 
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HEALTH __ " ENVIRONMEN T 

E~VIRONME~TAL IMPRovEME~T DIVIS IO N 

RAD IOACTIVE MATERIAL LI CENSE 

L i ce:l se :iumJ er W':-RED-:'\B- 15 is ame nd ed to become L icense Num~, e r rW- RE C- ··.G -1 6 

:"s. Colleen Ke ll ey 
Envir or.:nent a l Supervi sor 
Hel ca Minina Company 
P. O. Sox 320 
:':a1l2ce , Ida ho 83873 

Per t e l ephone convers ation of March 29, 1985 , be tween Coll een Kelley and 
Felix R. Mi era, Jr., sub jec t l ic ense is amended as follows: 

Ch ange Conditio n No. 21. to read: 

21 . The exp iration date of this l icense is hereby extended unti l suc h ti me 
2S the li cens ee compl etes a ll rec l ama ti on ac tiviti es and resD luti on of 
~ tated obj ec tives of the June 22 ,1 982 corresponde nce to th e l ic ensee , 
and the AUGu s t 23 , 1983 t erminatio n r eport ~ ub~ itte d by the li cens ee . 

For the New Mex ico HEO Envir onm enlJI Impr Qvrrncn t 0 .\ 1' 

" t (' : [,rr il 2, 10 85 By ;(0 i~/./:;!\ /..1 I/ , )~.' .'! ,/ 
F-~lrxR'-:': i ~ "? ,- -J-r-.-:::-- --- ---

Ero 017A P t " H Cl 1.8 4 
F ~i'l l th rr llf} r~~ ;", ?'1 anp' r 
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Termination Report 

Johnny M Mine 
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RANCHERS EXPLORATION AND DEVELOPMENT CORPORA TION 

Box 6217 I 1776 Monlano Road, NW. I Albuquerque, New Mexico 87197 
Telephone (505) 344-3542 I TWX 910 989 1688 RANC EXPLO ABO 

TLX 66 0422 RAN EXP ALB 

Mr. L. C . Landauer 
Project Manager 
Uranium Licensing Section 
1\ . :\1 _£.1.0. 
p , O. Box 968 
Santa Fe, NM 87504 -U96 8 

Re: Your letter of ;\1arch 10, 1983 

Dear \ 'J r. Landauer: 

August 23 , 1983 

In response to the above referenced letter , the following information, discuss ion and 
figures are submitted as the required terminatio~ort for the #Jhnny M Mine_ 

RAK:cje 
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Background and Location 

The Johnny M Mine is located on the eastern end of the Ambrosia Lake Uranium Distr ict , 
Sections 7 a nd 18, T. 13 N., R. 8 \\'., McK inley Coun ty , New Mexico. Develop ment of 
the mine commenced in late 1972 with the production cycle beginn ing in early 1976 
and being complete with the exhaustion of ore reserves in early 19 82. The mining 
sequence at the Johnny M Mine included the backfilling of mined-out work ing places 
with uranium mill tailings , and as a result of the backfill activity, two smail surface 
locations were required for the storage of the backfill mater ial. F igur e 1 is a map 
showing the general surface plant detail and the locations of the sandf ill storage areas 
by the north and south vent holes covered by our l\.M. Radioactive Mater ial License. 

Reclamaton Activity 

Reclamation of the mine property began in early 1982 and followed the general sequence 
of events as described and subsequently discussed with your agency in our letter of 
January 14, 1982. 

The reclamation of the backfill storage areas was carried out in three primaI'Y steps. 
Initially, all backfill material and debris were removed from the areas by load ing and 
sc raping . The second step included recontouring the areas, removing and dis p osing of 
any anomalous material and the blading and covering of the areas with unaffec ted 
adjacent material. The final step was completed by again removing and disposing of 
any anomalous locations and the blading and covering of the north area with 12 to 24 
inc hes of unaffected adjacent material and 6 to 12 inc hes at the south location. 

Gamma Surveys 

Gamma surveys of the licensed areas were conducted throughout the reclamation activity. 
Surveys were performed by both Ranchers' staff and · EID field personnel. Each survey 
fo llowed a distinct phase of reclamation ac t ivit y which was conducted with t he prior 
knowledge and approval of the EID. Data for the three base surveys are listed in 
Table 1 and Table 2 and have corresponding location details on Map Detail 1\-1 t hrough 1\-
3 and S-1 and S-3 which are expansions of the Figure 1 grid. 

The initial and second clear-up surveys were conducted by Ranchers using a 100 foot 
gr id pattern and Kerr McGee Corporations' Mesa 2 ga mma survey meter. T he final 
clean-up survey was carried out by the Milan field off ice of the EID. 

A summary of the gam ma survey data , background concentrations, and limitat ion values 
are as follows: 

-1-
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North Bore 
Hole Area 

South Bore 
Hole Area Description 

7 ur / hr 7 ur / hr Cosmic radiation 
(See Figure 2) 

+- 105 ur / hr +- 82 ur / hr Cover material 
background average 
(See Table 3 and 
Figure 3) 

1) 

2) 

That upgrading of cleanup effort, agreed upon in advance by EID and company 
personnel, by the additon of adjacent cover material has, in most cases, 
caused higher level gamma results. 

The north bore hole area is s lightly above target and within limitation 
standards. 

3) The south bore hole area which was seriously degraded in the process of a 
joint effort striving to improve the location falls within the limitation standard 
with the removal of the two most anamalous data points. One data poi!]t 
being outside the immediate area of interest and both " points" being attributed 
to material from unrealted drilling and mining activity to which no licensing 
is applicable. 

Radium 226 Concentration 

The radiochemical soi l analysis for the areas are listed in Table 3 as provided by the 
Mi lan field office of the EID. 

The analyses show significant higher background in adjacent soils as compaired to the 
original analysis of soil from the arroyo located in Section 18 northwest of the south ' 
vent hole area. 

Although initially considered for cover mater ial , it was later decided that removal of 
the material would involve an ownership pro:,lem, create erosion damage, and not 
necessarily provide uniform radium 226 background concen t ration. 

-2-
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Radon 222 Air Concentrations 

A summary of the radon 222 concentrations are listed in Figure 4. The summary is an 
inter-agency EID memorandum showing concentration of 0.14 +- .Hi Pcill for the north 
area and 0.42 +- .24 Pci/ l for the south area. Both areas fall within the 3.0 Pci/l 
annual average. 

Annual Indoor Radon Decay 

All buildings have been removed from the licensed areas which included an operators' 
enclosure and an emergency hoist building. Buildings that remai l1l on the property are 
unoccupied and are outside the areas of concern, will be removed in conjunction with 
equipment disposal, and have no history of radon decay product concentration . 

In addition to the current absence of building on the concerned areas , neither the 
property owners nor Ranchers anticipates fu.ure building or inhabi tation of the remote 
privately-owned areas. 

Photographs of Areas 

Four photographs have been provided of the reclaimed areas. Ph·,(ltographs 13 and 18 
,-" are of the nor th vent hole location with No . 13 looking south, southwest, and No. 14 

looking north, northeast. Photographs 22 and 30 are of the soutb vent hole location. 
Both photographs were taken from approximately the sou th vent hole looking south, 
southwest. 

( 
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~ 
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Data 
Location 

3-2 

3-3 

3-4 

3.5-4 

4-2 

~. 2 ~-2.5 

4-3 

4.25-3.25 

4-4 

4.5-3.5 

5-2 

5-3 

5-3 .5 

5-4 

5.5-3.25 

5.5-4 

6-2 

6-3 

6-4 

SUMMARY OF NORTH 
BORE HOLE GAMMA SURVEYS 

TABLE 1 

Initial Second Final; 
cleanup cleanup cleanup 
Survey Survey Survey 
May 19 82 6-16- 82 8-17-82 

.'111' / hr l1W / hr ~r/hr 

.160 .200 

.09 4 .067 

.180 .071 

.200 

.1 30 .22 0 

.200 

. 250 .190 .180 

.180 

.0 95 .046 

.200 

.290 .130 .100 

.095 .05 2 .150 

.120 

.080 

.080 

.060 

.190 .150 

.099 .07 1 

.073 .100 

• 158 _~ .100 . • 153 . 



SUMMARY OF SOUTH 
BORE HOLE GAMMA SURVEYS 

TABLE 2 

( Init ial Second Final; 
cleanup cleanup cleanup 

Data Survey Survey Survey 
Location May 1982 6-16-82 8-17-82 

/iIIf / hr tWI)' / hr tv'Ur /hr 

1-4 .041 .030 

1-5 .045 .041 

1-6 .012 .013 

2-4 .026 .046 .170 

2-5 .24 0 .024 .240 
- (' 

l 
~ 

2-6 .0l3 .073 .140 
-. 

3-4 .073 .055 .110 

( 3-5 .039 .03 1 .085 

3-5.5 .420 

3-6 .Oll .028 .054 

4-4 .066 .064 .1l0 

4-5 .022 .290 .154 

4-5.5 .100 

4-6 .020 .026 .150 

5-4 .059 .120 .034 

C~ 
5-4.5 .1l0 

5-5 .026 .031 .200 
, 
~ 

5-6 .013 .019 .670 

. . 047 .060 .183 

r /S/ ~ ,.M~ , . 

( 
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Memorandum for file BeST AVAILABLE COPY 
Radiochemical analysis of soil samples from Rancher's Johnny-M Mine. 

Analysis done by Eberline in their Albuquerque Laboratories. 

The results, reported 11/10/82 ~ere as fo1lo~s : 

SAMPLE 

R-N-1 

R-N-2 

R-N- 3 

R-S-1 

R-S-2 

TYPE 

N Bore hole, Westside. 
Composite of fill material 

from base of .cliff 
(Samples Xl, ii, X8, X9, composited) 

N Bore Hole, NE Side 
Composite of fill material 

from edges and side of Rd. fill 
(Samples XlO, Xll , Xl2, compositerl) 

N Bore Hole, across Fill 

DATE 
COLLECTED 

9/1/82 

9/1/82 

Near bore hold 9/1/82 
(Samples X3, X4, X5, X6. X7, composited) 

S Bore Bole, composite of fill 
material from base of hills of 

SE border 
(6 samples composited) 9/1/82 

S Bore Bole, composite of samples 
taken across covered area from 

SE to NW 
(7 samples composited) 9/1/82 

Table 3 

Pd/g(drv) 

45 -+- 14 "'( . .;' :: -2 1,00 
1)Yj 

I · 

68:t 10 )< / , ( .0 In.'!,; 
~~. 

62 :t 19 xp = 1/ 1. Ie 

... ro.!". 0 c; 

24 + 7 )( 1, P ::. ~ J ,1.­
vi 

. .oJ.. Ii 

68:t 20 ~ ( ,2 ~ rn .\f il 
--... e 
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BEST AVAILABLE COpy 

1. 2. 3. 4. 5 6. 

NORTH VENT. , 
HOLE LOCATION 

/0' I ~ 
0 0 0 

.--.-/' ~ --
o 0'7 /~60 0 

0. 290 /"- \ ------ / I 
./50 / / // ""'\ / \'v'v <y"?-/ 

/ / ~ «.~~ 
/ ~~<v ~<v 

/270 /cf .094 .250 0/9; ~~ 0./]9/ o 0 0 0 

1/ ( S\~ I 
\ / 

200 / ( 
......... _/ 

o· / \ 0.
180 

0. 180 0. 095" 0 o I 

/ \ 
/ 

/0---;---0--\0 
0 f 0 

o 

o 

o 

o o o o o 

o o o o o 

o o o o o 

MClp De.tail fl}-l 

Origina I Surv~v fVort h Bore Hole (YVI. 0 v) 
May 1982 

~ 
N 
I 

7. 

0 

0 

0 

0 

o 

o 
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4. 

5. 

6. 
C«·· -. :', '~~. 
: i~_ :': 

) 

7. 

8. 

f 2. 3. 4. 

o o o o 

.-/' /----
// ; _____ 0·130 

/ / "'" 
o o 

o 0. 067 0.190 

BEST AVAIlABlE COpy ~ 

5 6. 

NOR.TH VENT. 
HOLE LOCATION 

~ 

0.130 7 19;-\ 
/'v t>..J 

/ ~~ ~~'r,/ 
/ ~rv ~ ~/ 

0Ic4()~~ ~ 
{ \\:)'" OJ' 7. 

N 
7. 

0. 0 63 /0// 
/; 

o ;/ I 
\ 0 

o .071 0 .046 

\ s ......... _/1 
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YnlllHshila rf ni., tD(ili). Thr. nelltmllS with (~ ll c fJd ('!'; nhOVf! 0.1 TvTcV nrc 
of p;:rcntrst ciosillldri(: Hi~llirlt:nncc ur.cnwif: of fhf! rapid illercnse wilh 
(!nCTJ~Y 1IJ1 10 ......... dO i\ l( :V of the I isslle nh!)o rilr.d dose! flf dose cqlliv:i1f'lIt 
r:lle per nnil incidenl lIux densilY (NCIl 1', IU71) . 

The nngulnr oislriiJulio lls of the v:lriOll~ co mponents of the c:os mic 
rndint.ion deep in the nlrnosphere nrc s lrangly direcled lownrd lhe ver­
t.ical. Thr.y cnn be closely npproxinlftlr:d by the fundian cos" 0, where 
o is lhe nnille from Ihe verl.icnl direcJ.ion. For muons, n = 2.1 (Croo!<cs 
find Rnst.in, 1972), while for electrons nnd Illlcl con~, n wns tstinllttcd 
for lhis repo rt to be in Ihe rnnge of 3 to 5. 

2 .3 Coslnic - Hny Ahsorhcd nose Hales in Air 

The moSl frcquenl.!)' encounlercd unil of tot.,,1 cosmic my int.ensit.y 
in the atmosphere is free nir ioniza.tion density ralc I (uTlits of ion p:lirs 
pcr t:m"S:1t st:mdnnllcmperalurc nnd prc~surc (STP), whi ch is relat.ed 
to "bsorh"d tlose rale ill nil' by Ihe formuin I '" 1.:;0 JJrndjh. Ivfensllrc­
JIl ent~ of rhnrged pari ide i O l1i7.~li o l1 hn.ve heen cond\lded for Over forty 
yenrs by Ih" ~rOllp nl. Ihe Cnlifornin Jllslil.llle of Techllology (CIT) Icd 
by .l\lillikllll 1II111 JIlt.I :r I,), Nebe r «(' . ~., SCI: Ne lll'r, 1!I!i~; lU71), lIsi ll!; 111'­
gOIl · rilkd, ~tccl-wll lkti iOlli r.t1t,ioll dllllllIH ~ r~. Hillli lar Il\l'H !:i Un~IJlCllh:J I111VI~ 

b e(' 11 co ndllcted hy other ~rollP!:i·«( :· J.,';'., NCl"lIrknr lind \V c!>uel', IOfH; Haft 
d fll ., H170; 1.00\'(kr dol., 107:2), with :-;QIIl/! dis:l~n'l;lllclit ill nbsoluLc 
vlIhlt 's (Lowder :lTld Hec k, I!l(jli; Georr~e, l!170; Hafl, fl ol., 1!J70; ellr­
midl.wl, ID71; Lihnn', HJ7.'i). A ~illlil:lr di :-;agn ~e l1l( ; nt. 11 :18 h(:(, 11 nol ed ill 

the Imrcr atllHlsphcn~ lJet.we(~T1 the d:lt:t flf C: I'ol'ge (I070L lI~ill~ tlu: 
CIT pressuri7.ed ltr~OI\ chnlllbcr :111(1 rt largr. nir-filled dmmher, lind 
Ihose of Lowd er nno Heel; (IVGG), Shnl11o" "lid LiblllT (IOGG), :1I1r1 l.iholT 
(la7;;). J\s the Inll "r scls of dnl .. sec III 1.0 be Illorc. consistent with Ihe 
knowlI properties of Ihe cURllli<;.rny field :It ~H)\Il1d altitudes , disellssed 
in Secl ion 2.2, wc mnke nse of Ihelll 10 infer the nll.itllde profile of Ihe 
eosli lk-rny nir dose rille in Ihe l ow~r nIIlIOSpli!!l"c J!;ivcll in .Fi~urc 7. AII:lI ­
"!;OIlS hi~h nllilmle profil es nrc shown ill FiJ;ln'e R, hllsed on dnt .. ob­
tained lit v:lriotls ~r.oJ1l:1~nclir. Intitudes ().. ... ) dllrill~ the JD!>S ~oltlr 

activit.y 1I1aximllm' (Alldersoll, JDOI) nJld during: the followillg lOG!) 
mininllll" (Neher, H)(j7) . These high nliitllde resulls hnvr: heen cOITed ed 
aCI'onlillJ!; 10 tile recommr.l1dlllioTls of Cnrllti c:harl ( J071 ), nncl Ilrc <:OH­

sistt: l1l willi the Hlr;O -70 (solllr mllximum) profiles of Lowder r:l al. 

4 IL fiho llid he not~d lhnt. the perind or mn:\"inllllll Ro lnr ndivily corrc!'I ponds 
tn the lIIiuimllll1 in cO~ l1\ic - m}' inlens it.y . 
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FiR, 7. Long·term nvc rngc do~c from cm'lTnic rndinLion. The chargcd pnrLicle 
nh~orlH!rI do~r. mt.c in nir or Lifl~ \lc is flhown in lhc lower curvc nnd the Lotnl d08c 
cquiv,t1cnt. rntr. (r:hnrRcd pnrl.idc!'! phi!'! nCIILroo:<\) i ~ s hown in Lhe upper eurve ilL 

[j em rlcilih in n. 30 ean t.hick flln.b o r tiR:;UC. 

(107'2). 'I'll(' diITf:fI'Il(:e!-l in IlH' 1\1llplit .\Id{'~ nlld !=Ihllp{'~ or the profil{'~ 

illw~ lrnle thr. f,flc( :ts or Ih (, ll -yr:nr solnr nr.tivit.y eydc nnd of Ihc{'nrth's 
~<:o mHI!;IH'tic fidd in .. hn.l1~illg the totnl jnt cn~ily or primnry (:osmic­
rill' p"rlici,," in";dcnt. Oil Ihe lop of Ihe nlmosphere nnd in prcferenlinlly 
illnUCJICill~ thf~ JO\\,f :r f: lwrgy )lllrlid(,s. At ground nlt.iludp.s llTllI tliC Inti­
t\lfl!~ fltllj.!/: or the c:ontill('lItnl United Stnks, the vnrintion in cosmic-rny 
ehurged pnrticie inlensily dlle 10 .the geomngnelie fi eld elTecl is Irss Ihnn 
2 percent (Cnrm iehnr.l nnd Ilcrcovilch, IOGU), while Ihe lI·yenr varin: 
lion due 10 the salnr n.ctivit.y cydc hns It mnxil1l\lJn Itmplitudc of less 
than 10 pcn ;cl1 t. or flir. nW1I11 kvel. For pllrposr.s of dOMC nsscssmcnt., th e 
(! \l rv(~ in Fi~"re 7 Clln be regardrd ns providing rcnsonnblc long-term 
f\vc ~ rn~e vnllU'!'I or r.()~ ll1ir. -rn.'y nir (011(1 ti~s\lC) nb~orlwd dose rntc nt vnri­
ot'" nltitudes in Ihe eonli nenllli Unil ed Sllltes. 

Hcl!tlivciy few mellSllrr.mcnl s hllvc been mllde of Ihe cosmic-rny IIe\l­
t.rOIH-l in t1w nt.rnosph(:rc. Int.l:rpretntion is compli ented Bincc thc IIcutrOIl 
intensity iH mlll:h more scnsilivc Ihllil Ihe ehllrgcd pnrticle inlensity 10 
Ihe lime 11110 spnce vllri"IiollR IIf Ihe IIIW cner~y (~I GeY) primnry rlldi· 
nUna ot. Illf~ top of tlw llllTlo~plwrc, ])et nill:U nux dCJ\Rity cnlculnt ion~ 
hnve he!:n c"rried nul by O'lIril:n (l!J71). !lntl Armslrong ct af. (1973), 
buL the nhsolut(! vnhlc8 Itt ~rolllH.l-lcvcl nrc in serious uisngrccmcnt.. The 
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TABU 2--18 -CalcuJ.a..ud total exposure ,.au at OIU meter aboue ground for natural 
tmitUn uniformly distributed in tJu .oil' 

"""''' ~ RaWRadJoolKhdot Cooccntntioc 

"K 
t::JIJR,a + daughters 

Jl4pb 

214Bi 
"u + daugbteJ1i 
D21'b + daughters 
~Ac 

-n 
!l%}3j 

11!Pb 

,.R b-'lpCi r' 
0,179.....,. 

Q8]/ 
0.20 
1.60 
1.82 
2,82 
LI S 
1.36 
0.09 
0.09 

• F'rt>m Beck ., al , (!972b). 

,Jl. b-'tlDliia.Lad ~traJ.i,aOr" 

1.49 per percent K 
0.S1 per 0.358 x 10'" jJ.g g-I Rae 
O.Oi per 0.358 x 10'" J.Lg g-' Ra" 
0,>4 per 0.350 x 10'" I'K r' RB" 
0.62 per ~ g-I D4U 
0.31 per I'K Ii' "'Tb 
0,13 per I'E Ii' ""Tn 
0.15 per I'K r' "'Tb 

0,01 per I'K . ' ""Tn 
0.01 per I'K Ii' "'Tb 

b Concentration of a.:p.,a in equilibrium with 1 IJ.i g-I rsu. 

TABlA 2-19-CaL:ulaLtd total t.:Lpo$urr ra.tt at one mder above ground (or uLected 
rcd.ionu.clidu distribuud in tM .oil -

'-"'" SowuAai'rit)' 
Source diAAbUUOD laJp Ut ani C 'l 

0.062.\ 0 .... 0'" ! O,W u s I O'l&ool 

I IDCi kJr. ... ,..R b-' ,.A b-' ".R 1:.' I "" b" I "" b" "" b" 
"'Co 1.0 5.15( -5)' 1.304 ( -4) 1.b6{-·4) I 1.9ft{-4) 1.86(-4) l .:7{- 4) 
-c. ........ ' .0 1.IS(-4) 3.51(--4 ) 4 .06{-4 ) S,03C-4I 7..22 (-4 ) L34 {-f. ) 

~c. 1.0 1.6O(-4} 6.23(-41 6.:m-H t 7 .~( -4) 1.15(-3) 1.31(-3) 

" 'I 1.0 U6(-3) 1.i'21-3I 3.3 ~-31 ".l(p(-3 ) 6.91(-31 7.%£1.-31 
-sb CO l..TI (-3J 3.331-1) 3 .11:2 (-3) ".86(-3) 7.14(-~ ) &...Z9\-3) 

-a. 1.0 7.W-0I1 U!I(-31 1.69(-3) 1.(6(-3) 3.16<-3) 3.661-31 

-~ 1.0 1.98(-3) 1.63(-2) 1.IIH-2} 1.40<-2) :UJ6I-!) 31161- 21 
-a..-,.. 2.16 1.11(-21 1.02(-11 U3 (-2 ) U7(-I) U{)(-"l) .... !il2(-11 

!"R" 1.0 U"H-3} 1.66{-3) · .... )()( -3) 5.l1{-3) H()(-3) 1.%:1:(-1) 
-Roo • ..,.". ' .0 7.H (-(J U.)( -.) ) U7(-3) I .U (-I) 3.17I-Sf 1.w'-3) 
-eo 1,0 1.31(-3) oI.!t(-S) U9(-3 ) i.17{-3) 1-"'(-31 1...0&(-1) ...., 1,0 U2(-:n &.61( -11 1.36(-3) U1I-3) 1.17(-11 U50i.-l) 
"h. 1.0 1.16(-3 ) 6.74(-3) 6.66(-3) 6.1((-3 ) 1.2.4 (-2) Ul(-2) 
~-·h"b 3.1S6 1.1111-3) 1.78(-2) 1.07 (-11 1.~ ( -1} 3.M I -21 4...l9(-:n ..... 1.0 1.401-3) i.!tl-3) 7.%2 (-31 U8(-I) 1.34 (-2) U4 (-1) 
"Co 1.0 1.",-3) 1.10(-1) 1.06(-21 U6( -2) 3.78(-2) Ul(-I) 

• f'Joom B.tc& n ol . 11mb}. 
• ~ o..U(b\..U U ill tq1Iilibrillm with pereDt: ~ rate u fur 1 tIICi iaz .... of ~ 1ICti'rit}. 
·rOl'1ll&to(i~-5) -6.1.5);lO-< . -

emitters uniformly distributed in the ground, and not too different for 
the main fallout radionuclide, mes. This suggests that a flux density , 
measurement at 100 meters can be related to a one meter exposure 
rate fairly accurately, This bas been demonstrated in several air· 
ground intercalibrations (e,g" Pensko et ai" 1971; Burson et ai" 
1972), 

The calculated results such as those in Tables 2-18 and 2-19 are 
slightly different from data previously reported by the same group 
(e,g" Beck and de Planque, 1968) and others as summarized by 

Figur e 3 
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XEMORAI'DUM 

TO: Jerry Stewart, Radiation Protection Bureau . 

FRO~: Theodore G. Brough, Environmental Scienti6t III, Milan 

DATE: October 12, 1982 

SUBJECT: RADOI' MEASURED AT Riu'iC"dER' S JOM),Y X MInE 

Fou~ Radon gas samples were taken over the earth covered, cleaned up 
areas at the backfill operations of the Johnny M Y~ne. Tne results 
are as follo~s: 

Samp1in£ time September 1-3 (48 hour bag sample): 

Near l'orth Bore Hole· 0.49 pci/l 

200 ft. W. of N. Bore Hole, over fill· 0.77 pci! l 

Near South Bore Hole· 0.38 pci/l 

300 ft. S. of South Bore, over fill· 0.91 pci!l 

Simultaneous 24-hr. Radon measure at Feight, Sta. 414 • 1.99 pci/l 
(average 2 yr. cooe • 1.60 pci/l) . 

Simultaneous 48-hr. Radon measure at Milan, Sta. 211 - 0.67 pci!l 
(average 2 hr. cooe • 0.358 pci!l) 

Since the concentrations at the tvo check points (414 and 211) were 
1.60 and 1.86 times. their respective 2-yr. averages, (av - 1.55 x), 
the Ranchers samples are deduced to be 1.55 times their respective 
annual averages. Correcting, we get as a probable . ~ual average: 

N Bore Hole area - 0.41 + .16 pci!l 

S Bore Hole area - 0.42 + .24 pci!l. 

jq 

xc: Charles Landauer, Santa Fe 
Jere Hillard, Santa Fe 
File 

Figure 4 
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